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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the increase 
of the threshold voltage of at least an n- channel type 



MISFET, in the gate electrode created by containing a 
metal nitride of a high melting point. 
SOLUTION: In a semiconductor device, a gate electrode 
109 of a p-channel type MISFET is created by laminating - 
a tungsten film 107 on a titanium nitride film 106, and a 
gate electrode 1 10a of an n-channel type MISFET is 
created by laminating the tungsten film 107 on a titanium 
nitride film 106a. In the manufacture of the titanium 




nitride film 106a, nitrogen ions are implanted into the 
titanium nitride film 106, and its work function is made 
small. 
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1 

ft, gEngJ^x^WilBlCtelgl ®y- hWS£#Lfc 
pft^HMISFET*S|glten. Rp?x^©^ 
ffi(C«^2©y-h««B$:Wbfen^r^^M I SF 
ETri«tttt&*i, KJBl*J;^JB2©y— MSwlI 

Ml 1 ©y- hKftRS^UTWEnS^x^OTasHKiR 
tt&ftfcJtoE* 1 ©y- h«Htt. tt$ 1 h«fl2 
lgS©*S£fi«K:B-5SS 1 ©AM£«JR©£ft:4ft*t£ft 

JR 2 coy- h»{b**^bT«rEn jt;Ko*HK:K 
tt snfetHE* 2 ©y- hoars, msm i o*«flcn 

d*&&0. RJB2©y— h»<ttt<0«S*H«t:«-5jB 
2©i»«#ffil<t, ttJS2©#*{M*D*ffiKKW-Sftfc 

So 

a*. -tft-tftMEIM F**— Jl*- • X^— y-fCi:Difi& 

cfifc>ft-cfct>. 

ttESf 1 & J; 2 ©y- hRflSftoqRttflsK^&a: 

o . wem 2 ©y- N««&Mj$-r«ffie&jRK0*ifre 
as 2 ©m e. & o . 

>?;U©3*i© 1 ort* l E*c©¥»#8 

B. 

H»#B3] flffEJB 1 ©y- h«*©«ffl»4. 

•f k^*-^ • x^— y-fctoittSJcg^nT. 
Mem 2 ©y- h*&©ttst2. mibi 2 ©y- i-gHt 
is^i/T. aaE-y-r t** x^—y-Kj: OS*? 

MEmi©iS»tj«^iii* i y^>. ?>yxf>^«t^ 
>^;w©5^© 1 ^sftftiiswi 1 mm<D*m&m 
e. 

[I«fl4] fflE*2©SMMMB©|g»3Srtt*«, WE 
» 1 ©*«#«©««:£&£«»■*-*»#« 3 E«S©¥ 

imxmsi ->'jn>»«©^ffijctt. 

K«fcQ#ra3ft&nM?x;P£pSr>x.»U<!:7J*S:ttS 
ft. Rn^^7x;U©^ffitC«mi©y— h^Sr^bfc 
pft^UMI SFET^RltStl. ip^iWi 
BKti352©y- hfiStlfcn^t^HM I S F 
ETriifgttSft. ®Mli$&Zffi2<I>>f— h«ffi©«ffi 

a*ft*ft*BiMta»&fc*-!H' • x^— y-tc 

«toa*3ftx*5 0. 
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*x;u©3iffiK:i8ttSftfcfflE$gi©y-h«®te. 
y- httft:K©3EB&iatttca5£ 1 ©iS»£&JR©£ 

B fc RIt & ftfcSI 2 OXIt A*IIK t J8» 6 m&L £ ftT . 

£*£*^T&*y-h»i*ii*^UTi»EnS!*x;p 

©*BfcKtt&ft&lfflEi62©y--h««tt. 191211 
©*«#8t«fc DS*©*W*©Kir>WEi8 1 ©JS1K&& 
«y- M6WR©*BSfi»K:B 
5!g2©3$«#l8i<h> K£2©«tt#R©£9Sfc:tt»j-& 
10 ftfc&JSBS<fc*>e>#Jj£$ftT, 

ffiEJB 1 ©y- b«I©fflBte. WEtM Ftf*— -IP • 

x^— y-tccfc K>mmzmt>nT, 

mem 2 ©y- h«@©(ao®tt. suey- btmm&ft 

lt, meim F»** — )V • X^— y-(C<tO«^ftT^ 

MES 1 V>lsm&*Mtfi7-9 >. 9->97st>*M&9 
20 @„ 

fc«to^$ftfen^^x;utpS^x^<t7i^ite 

ft. KnS!^x;U©^ffifC«mi©y— hSSSr#bfc 
pfY*;HM I S FETri^ttSft. ipOiMI 
BfCte?g2©y-h«@£#U/fcn^r*;i'liM I SF 
ETj&ttgttSft, Rigl:fc<i;tfSil2©y— h®<S©<BiB 

tt-eft-eftiffiiSt^e^-s-y-'f h*^*-^ • x^— y-tc 

J;0S^ftT*3 0. 

f^gKbfCiO^^ftfcy-h^b^^^LTffifEnS! 

30 ^x^©sffi^ite>ft^wEmi ©y-hm@«. ®E 
y- hmtmo>mm&iB.mzm??& 1 ©i^Bi^M©^ 

Bfctsw ^ftitm 2 ©ftm^JSM t e> *&* £ ftT. 

fciiaS2©y-hiia. sfrE^iwiSit.^Mtti 
fflSLfem3©isgi^^©^t#i^e.^o. my-h 

mam 1 ©y- h ««©«««, me-y-r f?*- ;u • 
jjHEig 2 ©y- hmn©fla®tt. WEy- h^#^<&^ 

LT. S9E-y< h*^*-^- X^— y-{C«tOBt>ftT^ 

imam. 8 ] mwrn 1 ©jsisii^m*^^ >*^^ 

0, HtfEm3©^g6*^M»^>^^e>^'5if^7 
E«©¥«frS«. 

9 ] ->'j3 ymwLo&mizm^ftmmmz j: 

05j-@i$ftfcnS^x;Ui:p^^x;U«i:$:^fiKL. »n 
S 9 x ^*5«fc p $) O x ;P©*ffifC^g!ffc K =fc 0 y- h 

50 mitm&Mtiz-rz>T:mt, 
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fgk/*?->Ml$.l>. KX* hl'v'X hlSIA^-^VX 

w, 2 onm^mmtm i v>wmmfr<ots.z>j\- k vx 

^KckOA^-x^bX, iftfBnS^x.Jh pi->i 
^:®lcm2(D$6^^^U, M^2©Se^=£:X-v^ 

Ay^bTWiBSgi, ^2co^-h-ms©fflffi€-S'5-9- 
-r k**- ;w • x^— y-&jg/s;u i«i©y- hms 

V— X • b-l-'f >M*££^f&U ^2©y-h«S*5 
JctfiM h*^*— ;P • X^— tfSr^Xi/JCLfenS^ 

-X • Kk-T >««t»J«b. £BfCSg3©jg5il!,&&J?i 

io] mriami <Dmm&&mrf. 9 

n 9 x )V& J; p S O x JKZ) ^ffl ic&gKfc \Z J; 0 m 1 

^l©S^^XStftitrofciTWJK^X/'?-yiS"J >^ 
tc J: 0 m 1 <OiKM^JRBt<oft^«^ <bt£2>m l <z>3l« 

f^Xigi:. 

«««R S«3fcJi;#ttx y y V \z ct 0 a * - - > 9 b 

T. fttflBnM^x;K^^S±fC^lCOy-K«S€:^ 
U H9BBp^^x;UcO^®(C(S^W^r-h^ 

£®(cSg2©$6igdBI£J{*l5EU S^2»iteig:^$rX^^ 

x^— y-£vx ^ iz bit p m^w&m^ ^->aAtc«t o 

WfBnS!^x;KD^®fCp+ 3IV-X • H U-f 
JEJfiEU M<5^©y-h^H*iJ:^-y-f h*^*-;U • X 
^-tS?X ^ bit n M^m^KD^ * >iAIC «k 9 ffi 
IBp^-?x;KO^iB(rn+ Siv-x • HH>i«S» 

J&b. £®K|g3C0il!li!l!£&JSP£JEfi£bTKp + S!V 50 



4 

-X • KK>«^iO;n+ SV-X • h*U"T>^ 

w^Birgss^wtci^a^JSv-'j-y-r Kn*»j«"r 
*ism-rs*T?ssp^iitei»iK*<t*«ittw^ (cmp> 

WSBn^^x;KDSffiJi^S^X^ Hl^X hR/t* — 
>£fl2/&b. g7t Nl^X h^A'^->*-7X^lCL 
XtfffBA— KVX^H, <5^wy-HmM*5«tOtmiro 

%m&i&miz± k> ^mzw. 2 <oy- hMitrnttwrntz 
sassm 1 w^^x^ait * 0 n^tR 2 ro^3g^x«tfi 

Jt<Afc£T'ro£JSteX/W^ , J>^K<fcD, SB 1 ©SSliS 

u asic. ±mz&mm&mmrz>xmii, 

<D^SWg:fc<fctfm2<7>y-hg|teSI£CMPbT. m 
gBpS^x;KO^ffi±tcm2Wy— hSS^r^fiEf £X 

imxm. 1 2 ] Htiam 2 ottttWRotsa^rttftnifte 
a*^yx«ftajtjWR3esn*ai mm 1 iet®>MM4i 
cat #s 1 3 ] mmm 1 <Dmm&&m&. >. * 

>yx^>fe«fc^>^;K0'5%CD 1 OXfe-5lf*S 1 

1 1> b < 1 2 ett<*>¥*tt&aa>Sifi:#ife. 

14] yU3 >*«(D*jBtC3g^«tfS«»C 

^ 1 ©iSiHMMitOtftW^ft^* 1 <Z)#«(*=RS: 
±ffi(C^fiEU. SSIC. ^2roigSl!^SRi:mi 
«K^&a:«A- KvX^R<h$r)iS^®<C^fiE-r-5)X 
Sir. 

mlfBA— K'TXi'S, ^2©i^gt^ill^*5«fc^H9Sa 
^«^&WS^S^1±X^?>^tC«tOA^-->yb 
T, flaiBn^-^^^^g^^^xoy-h^S;^ 

b, WfBp^r>x;KDS®{C^ISoy— h^H 

±®{C^2CD*g#R*»fi!<;b > ^2romi&RSrX>y5 1 

^ bTsaiam 1 <r>f- hnm&£zfiffim&wt<D7- 
h««s©fiijffi^-?-n-?ns-5-y-'f h*r>*-;w • x^— y 

X^— y-*TX ^ l;Ucp W^-WOW-i ^">ttAtC J: 0 

WlBn^^x;uroSffi{cp+ §yv-x • Yv^ym^ 
Mi&is. mmsLv>?- hm®*3«t o^-y-f k?*-^ • x 

^— y-£ vx f »C bfc n W*WW<D-< * >&. A(C«t 0 Mr 
§BpS^x;i.CDSStCn+ ^y-x- KK>li)S« 
j*b. ^:ffi(cm3(Dii5li6^«^i&^bTgp+ 
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-X • HH >6Bl§Si3J:tfn+ 3!V-X • K U-f >®*£ 
•5Xig<h, 

#gaj-r s zx-mmmmmmz c m p t s x@ t , 

>£J£J5£U g7t M/vX Mg?A*->£-7X^CL 
Tt&fBA-Kvx^gl, {KHScoy- h«I*ScfcOy-- h 
gtf £ 1®#X <y ^ > y R£2cf 

^ffl/£ft£K<fcD£ffit3gm£^Tfc3y-h&iii!gl io 

mibis i ©isns^pwro^t;^ <=> ftsssi 2 <»mnw 
m t &mm t &M'A±m tz mmr z> xg t . 

y- hnm&wm-? ^ig t srw-r £ z. <t t-r £ 
n ^ x. )v& «fc # p m o x ;ko^b tc^^b fct 0 y— 

£Stcj£f£U £<=>lc, Sg2Wii5^,6&JBI8£<i:Sglc9*S 
Si. 

itlffBA— KVX^ii, ^2<Diga*^Jg^*5J:^Wfe 

^m^^Hl^S^ttx y j-y V \Z «fc 0 A * -x > V L 
±ffilcSg2<£i&iifelK£J£J5£U ^2 0J6tI*Iyf 

nvz bTSfttsm i ©y- h««*«tifi»E(E«©y— "o 
wsi©y- 

X^— tfSrVX^ \Z Life p W*mw( *>iZ\\Z J: D 
m(IEn^^x;i/CO^ffiJCp+ ^V-X • >®«$: 

jg/su ^{K^coy-hm^i^-y-'f k?*— ;p • x 
■ y-^vx ^ \z bfcn mpftmo-i *>aA(c<k o s«r 
tep^^x;i/co^Micn+ gyy-x • KU"f >mt$.*w 

JSU ^®»C^3©i©K^MP^»fi£bTSp+ IV 
-X • KU-f tfn+ 1V-X • bU-i>mm. 



6 

^ffitC«ra^^*^fi)cb. WfBA-KVX^CDX® 
>£#(RU S7t M/^XMBSA^-XSrVX^KL 

rsasaA-KTXi'gi. ««©y— h«B#j:tfy— h 

©#mWg*J:tfm2<Dy-h&{fclg£CMPLT. h9 
IBpS'7x;uco^ffiX(cm2coy-hm® : &^-rsx 
mt&G-tZ z\ £. £#^£TS¥##gB0>S{ifi#i*<> 
[S^JB 1 7 ] flftgB^ 1 ©JBHIjacAB**^^ >-Cfc 

IB«C0^^#:^B00S!!ifi*ffi. 

[0 0 0 1] 

^■^^;p^M I SFETipftWIM I SFETt 
[0 0 0 2] 

xy— u >yiijicg-r^-t\ MisFETroaM 

[0 0 0 3] ^1 fc, y-hS^O. lumJW 

T©M I S FETTIt y— h^P«2 nmJWTtcS 

isfts-r 5ct«gT*§. #ti» -> >j a >« * y- h 

{^{ri^^fi^figan^. cne.co^fi*i. y-h 

^*b<ffiT-r z>z\t\zis.z>. cne»<D^s»5*». ^ 
s<btr<t-5^ft<£«i$ij-r^)^t«. y- hmmvffij&tt 
n&£miz<k onu o ctfcfco^ititc^s. cu-c. 
axuTw^stc^bTcoy- ^igty- hia» 

c«/\*ij7ii:ii a#, mt3-5>y^{u? 

[0 0 0 4] m2iZ. XT-V>tflzWiTY-bm 
\ZtzZ>. y-Hg^0. 1 2 MmC9lft^;$T«. CCO^ 
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[0 0 0 5] y-hg»*0. lMmUAT 

©uttt-m, mmm.X'<»^w( ^itRmo^mnmz 

acts (y-h««**wrr*) &M&&mi®£?- 
[0006] *m&mwv>mi&jLm<n%iffiWkim-z$>z> 

^SnfcffliI©MI SFET©*8ii<>:^-©g?ig#*£«i: 
[0 0 0 7] S-T. v-'JZ!>Sffi4 0 lCD^ffifC«, JSi 

^fKM«4 o 2d^fiK$nr. nmvx.)vmt$.4 o 

3, pS!»>x;HWW4 0 47W£fi)t£n£. nffl>>x;MIB 
*£4 0 3, pl'?iJl'Sa4 0 4©^ffitC«. gi^btC 
J;0-y-hS?YkK4 0 5^fi!c$tl^.. ^<b^^>K4 

0 6, ?>ifXT>m4 o 7 is&zff&KDt&mm^ts. 

9 (a) ] . 

[0 0 0 8] Jil2A-H^X^^4 0 8, 5>>? 

7>7->m4 0 7&£Zfi&{t^?>f&4 0 6#g#14X-;/ 
^■>if\ZJ:Om-A^^-=.>if^tlX. nl'JiJMO 
3©Sffi±fC«^t^^>Hl4 0 6tC^>^X^>04 
0 7#«Jf UT&3fei©y-b3i@4 0 9 7^J&2 
*!, pmOjL)l4 0 4(0^iS±lC«^{b^3'>-^4 0 6 
fr^>^X^>M4 0 7ri*fSJf LT&-5Sg2©y-b1i 
ffi4 1 Ot!>>*J£/£ i^T, y~bW!4 1 0&V 

x ^ ic bfc n w^m&sm *>izxt p w^mrnv)^ * 

>lZAt\Z£.0. pI'JiiM 0 4©SB{Ctin^V- 
X • h* U"f > • X^^>->3 >MJ®4 1 1 tpS#^7 

h««4 i 2 £jj*»j*sna. ratnc. y— b«®4 o 

9 SVX i7 fc Lfc p S?«*©'ft>iiAt n H^Mfj 
om->&.XHZ&K>* nICxJM0 4©iSl;lip 
1V-X • h*U"f > • X^^>->3 >«*£4 1 3tnl 
^.yhW4 14W«$n5 C09 (b) ) . 

[0 0 0 9] #fC. £ffiC^/&£ttfcSt2©&aig|;^X 
7W7?SttT, y-hf!4 0 9, 4 1 0ffliB5 

^v?nfc$g?it-r v<J*—)V • xi— y-4 i 5d^fiE 
sns. ^>t. im b*9*-;u- x^.—- tt-4 1 safety 



8 

lcy-bS&4 1 0£^X^KL/cngPF&M&l©'1':*> 

• YV-{yW$.4 1 6 3W£fi££*l3„ 1M K 1 } 

• X^— *4 1 5tW:y-hll4 0 9 £TX 
^(Cbfcp^»E#)©'f ^>aA{C<tO. nf)x;M 
0 3©^ffi{Ctep + ^V-X • KU-f >m®4 1 7*^ 

nr. ->yiM H^ks^sa^nT, n + • H 

v^yw^.4 1 6tW:p* IV- X • KH>M)i4 
10 1 7 fCtt^n^tX^* >-y'Jt'f HI4 18 Hfif&f&tS 

nz> C0 9 (c) ] . ^-©&. 0^««us-r^.^. £S 
^Tfc3t£*©¥##sg^j&-fs. 

[0 0 10] 

[5§HJ^^L,«fc5<i:-r^^] ±Ey-hti4 1 0 
SfUcnftWiMISFET, y-MM4 0 9 
^^b^p^^^^M I SFETffllftiiiEll 

?t^HMISFET, p+ S^SUv'y =J>I^75">£ 
20 Wy-htl&tbJfcpft^HMISFET©L 

ttetiT^-So una, — «»c. ^big8i,6&J?iiSi©7 

ffi<>:©[SUC?ffiE-r£;i L#^te«/£©*6i»« 
©±#«. I SFET«f!)fftiS£flrF£-&5 

[0 0 11] **g»5'ya>g(]&»&fcsy— MB«** 

fcKK*«suB;£n&«ie©y- hts^ft^M i s f 

ETtH ^CDcfc5^?F*fE#)« b*-tf>y{Ccfc£>L#^ 
[0 0 12] Lfc*toT, *5!^coeW«. gfl^SS,6 
^■f SfflliM I S FETIC*5<^T. n^^^-JU^ZS 

40 ^-r^^t»cfc?>„ 

[0 0 13] 

±O^SI5nfcn^^x;Utp^^x;W<i:^ttetl. 
C©n^r>x;KDS®{C«^l ©y— h«S€r*Lfcp 
ft^SMI SFETAtStten, C©p^x;i/©^ 
®(;(^2©y-hfS*ilUfcnft^iMI SF 

ETa<ts:tt<&n, Mi*jj;^m2©y-h«®©ffiffi« 
so ost>nT*3D, mi©y-hgg'fki^^uT±tens 
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?x^©«Bt;:fS:tt£*ifcJiESfl l <D¥-hn®te, z. 

©sg 1 ©y- vmtwkv>mm*m&\zM.o'm i ©&».& 
m^^mmzmt e.nti 2 ©sia^s^t7S^«i 

«SnT, Sg2©y-hBtft8fl£^LT±Kn§!! I 7x;P 

momktofrzfco , c©sg2©y-hgKti!ii©3iB£ 

lSigl;:?!5?g 2 ©#«#§!<!:, C©fg2©igSf*:i£©3j 

[ 0 0 1 4 ] $? $ l, < ±E?g 1 ftAtfss 2 oy- h 
^©fflUBa*. -£-n-?*i±E-!M w-t—ft • x^— tr 

JCJ:Oitt*tC®fenT*0, ±B*l*s«fcr8»2©y- 

h*fl;i«*«J»*fl:«t36» s fc 0 . ±ejb 2 oy T hnm* 

0, ±ESg 1 emMMfcflWS^ >. ^>yxx>*5j; 

[0 0 15] aStcWSKti. ±IEHl©y-hSS 
©<MBte. ±E1M F^*— A- • X^— tHC<kDfi®lc 20 

ibtit, -tE?g2©y-hm<s©<sid®te, ±mm2co 
y- h»ftgt*^uT, ±eim f-?*-^ • xi— # 

iCfcOH^tlTisO, JiESgl©ftJ»jaStJSa*^>. 
StCtt. JiEJS2©*«#«©|g*#ffia*. JiEJBl© 
[0 0 16] *5!^©^*^S©^ 2 ->'J 

fBi:n*i©y-MI&tLfcpf t*MMI s 30 
FET^aStt^tU £©p >?x;i/©«BJCtt^2 ©y— 
MIStUfcnft^aMI SFET)WRtf6n. 

g 1 &&&& 2 ©y- hmawfliffitt-tn-enttakR** 

J»ttftKl«t 0»riESnfcy- h*ftK**LT±Eni! 
■^i;l/©^®lCtS^€.nfc±E^ 1 ©y— bUSte, Z. 
©y- h^ft^©*ffi^itg(cg'5^ 1 ©iSK^JS© 

T, ^^-eftSy-hiitl^LTlfBnlf 40 
x;P©gBfCf8tt€>tlfc±E^2 ©y- hSffitt, -hE 
SB 1 ©igSttfilJ; 0 a*Ofr«-*©Kt»±E* 1 ©i^ISS 
jA^MOttfbtt^&ftD. ^©y- h*fi»R©*B*Jit 
SH=.ffi5Sg2©#«#|g<!:. d©Sg2 ©8J«fls:Bi©^B 
KttttSn&&HKia>&#lJ*;£ftT. ±Efgi©y- 
h«S©«Btt. ±E1M K^*-* • x^-yicJ; 0 

attcBtom:, ±E»2©y-H«a©«Bitt. .tE 
y-hffiW^^LT, ±eim f^*-;u • x^—- y- 

ley- h mmwuzmt -> >j a >m u < ts^^t^ft; -> u so 
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n>^T*0. ±ESgl©JgMA&«**f 1 :J'>. 

XT->*3J:y:^>^;u©5^© l ^b&5. 

[0 0 17] #fPJ©¥ig#$!g©Sg3©ti#te, >"J 

s-5i;i/t p^^i^t^istten. c©n^^i;i^© 

«B(CteS*ll©y-h«S£#bfcp^*;^MI S 
FET^ISlten, i©pr>x^©^BfC«lg2©y— 
hii^tLitnft^UMI SFET^Klten. 
fg 1 *5«t^|g 2 ©y- NHffi©MBf*^n-€ r ft*6iiHl»#' 

£££-9-^ ;w • x^— *iz£K>mtDtiT&K>. 
MMblcJ: 0 ^fiK^tifcy- hB£{fc!8l£fl-bT-hEn 32 

^i;i/©*Bfctstte»nfc±Eigi©y-hm«BH. - 
©y- hmitWknmi&Mmz.mo'm 1 ©i^si^js© 

t, v—hmmwk*-fti,T±Mnmvx.)v<Di&m\zmi 

£>*T.&±ESB2 ©y— FSffite. ±E?g 1 ©iSBfcjSrfcJSi 
t«ffl^Ufc|g3©ig^^S©^b!il*^fj:0, C© 
y-h«6i@:IBI©«B£eJ£K:fi5fg2©&S^£> - 
©?g 2 ©#«#«£©SBt;:K!tt £nfc&JS$i<t#> 
£tlT. _LESgl©y-h«H©<BIBrau JtEtMFtf 

;p • x^— mz j; o jS&KBfrn-c. -hESg 2 ©y 

-hS*I©ffi'J®«. ±Ey-h^iH:R*^bT. ±EU" 
■i W*—)^ • X^s— ytc J; 0 Bfc>ftTt^5 C <h£!RM» 
ii-r-5. $?£L<ti. ±Elgl©iSffi^M7i i 5 1 ^>^ 
^^0. JiE?g3©^|g8^Sl7!)i5'>^^e»^:^). 
[0 0 18] *^Hj(D^^S®©Kig**©lg 1 ©SI 
->'J3>S<S©^B(C3g^8IM^JCcbO»glS 

■>a:;p*3«fcz/p^'5'i;w©*®tc^K'ft;{c c fcoy- hS? 

e»^-5^«^8i$r^BtC^b, ignl^iMSB 

i/v'x hggA*^— >^7,^\zvxz\0)mnwm\z^m 

mmm^fc%/\-\ t ^x?m&m$:3:miz]&f$,v. z. 

^s^srd^s^ttx ^ >y fc«t 0 > y b 
r, H2ni^i;k pMr>x;i/©«B±fc^-ti^*nig 

1, |g2©y— hfS^MTSIgt, ^:BtC|g2© 
)Bft0t£«j£U Cl©|g2©iffiig:KSrX^^/\*-y^bT 
±E*1. |g2©y-H«ffi©ffl!lBS:B^-y-'f H^7*- 

;p • x^— y-^PfiKb, cn?.©|gi©y- 

tfiM h*^^-— ;u • x^— y-svx^tcLfcpM^^i 

©-f ^->aA»CJ:0±EnS^x;P©^®tCp+ SV- 
X- KK>fS«SML. C*l<3©lfS2©y- hm® 

*j«fccK-y-'f k^^--^ • x^—- y-*vx^icbfcns^ 

WfoO-i ^•>aA(CJ;0±Ep^ , >x;i'©^BfCn+ ^ 
V-X • KU-f >^£Jg/iEU ^B{cm3©iSH!^ 

Jsasr^fi£UTcn^©p+ ^y-x • Fi/-r 
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'J-im vm&Btfrt- sum tzar zzt 

[0 0 19] #fgHj<D¥#fl:eMO©i£;S*£«!g2«8g 
J£te. ^U3>fi«©^Etc^#i§t^{cJ;0#8S;* 

nfcni^i;i/tpS^x;i/i«i> ctif.<oni 

-hSfcl^Mt'SISi:, fg 1 ©^3St#Xz?itfi]t© io 

h*vx^^<!:*li^®lc^fi)c-r^Xg<h, ±fBA-h* 

±IBnS^x;KD^B±^^l coy— MtffiSPfiEU 
PlWfiC, ±fBpg!'7x^©3IBf;HEfS:©y-httI£15 
riEt-aiSi. ±SKfg2©iS&ll:lgS£^/£U C»«2 
OHIRtiyf/W ^ LT-tfBSg 1 h«ffi*3«fc 20 

y-x - HU"f u z.nt><D&LWL<oy—h 

S«*J«fctf1M KC*— ;P • X^— tf-SrTX^MCbfcn 

m^vmw ^>&.x\z j: o _te p xjwoatBtc n 
,^Miw*^UTcne.©p+ Ky-x • kk>^ 

gP B 1»^4^fi£b. i:SBA-H-7X^^©±SA^m 

-r^^-vcoymmmmm^it^mmmm (cmp) -r& 

lit. ±Snl->i;Kt)$BJ:*I^7* M/-^ h 
•vx^tcbT-tfBA-KTX^jgi, (gisroy— hS®*3 

1 ©y- h»flsw*«*xy ^>yi^*-r-5xs 

t, ^ffi/SS&l;:J;9£B»cm2©y-l-&ftliM£^J5fc 
TaxSt. ±ffiSf§l©£3lS#X8it*Jfc«k9iS5<^2© 
g*#XSit»lt©fc£T©KJSttXA>y*'J >ytCck 40 
0, mi<Dfti&&&mmo>&1t®fr 2 <Dmn& 

KS£iBK:»JSU tBc*»8**)Jrr5i 
ii. ±gBHIBJ«MiiS©J:H*<Slffl-rs*-C±S^JS 
K. ^2©#l«:ifcJ:D;i2ffly-hi«S:CMP 
LT, ±fEp^^x;U©^®±tC^2©y-hm®S:^ 

±SESB 1 OMftAftJJW. *>yx^>*3J;tf 

[0 0 2 0] 3&Cff£L<tt. ±8Bfg 2 ©ag«W8l© 
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[0 0 2 1] #5SW©¥iS<*ilS©§a^i£©3B3©Jg 
fttt. > 'J 3 >*K«!>*BlcX?£HMMe «fc 9 #8f££ 

«4Mt5lSt. Sg 1 0XMAMM0ttft:fMi> 

iffilM^ifeJSKtm 1 ©IfiftNfr h'VX^BIt 
£«&£BCfl^-f£Xg£. ±I3A-KVX^^. Z 

;p©«B±ici6i©y--h«**»j*u UPtfc, ±e 

Urf/Wf UT-tE3S 1 ©y— h««*J;tf±IBfiR 

©y- h«ffi©<Wffi*^n-€ r ng-p-9-i' k**— • x 
^— tj-*^b, cne©^i©y-N«Si*5j;^-t>-'r 
k»>*— ;p • x^— ^Yx^cLfepi^ttto-ft 

^AKJcDifBnSy^xJUD^BKpt ^y-X • H 

u-f>mt$.£mi&L. zn*><DfcWL<z>y-bnm£>£zf 

•y--f k c * • x^—- tt-<£rVX^ C n 3!**fi<BJ© 

-r*>aAfc<i;oxfep^^x;w©^®(cnt gay-x 

• Hl^>61i££:^f«U £Btcm3©ifm£&Silgl£ 

+ sv-x • fu^ >m&<Dmffi\zttm-&mzmm& 

£J£fi)tU ±IBa— Kvxi7l©±iS^ia}t5i1rC 
rolPollgtKCMPtSISi:, ±IBn^'7x;i/©* 
B-k£g5X* hl-^X h^A^ — >£I*/SU d©7 

* h- l^X KiA^- >£v X^lCLT-tiBA— KVX 
^R, {R^©y-h«ffi^«i:^y-h^ftRSrJl^x-y 

f>yi£t.srgt. m.m^mmiz^io^miz^m^ 
SAsT'tezy- \-&»m&Mf&-rz>j:mt. ±mm 1 © 

t^H^ffilC^T^Xgi:. ^jastcto. xiBy 

- h«6^a^e»±IBm2 ©igll#:«t^*«:l£^^tia 
©y-KSHfcBt£CMP LT, iSBp^^x^W^ffiX 

irm 2 ray- MS^^tsil <t ^tt^c <h £4* 
&£-r3. Jf^U<tt. ifBy-h^Si^^bv'Jn 
>a*a^«g<kS?{t:v 'J a ±IBM 1 © 
*»jft**3ft«^^>. 3'>yX5 i >*5=k^^>^-'l'©3 

[0022] *mw<D*mte&m(Dmi&Jjfe<»Wi4<Dm 

m\Z. > U n >S«©^®1cig^@l^{c J: 0 
tlAcnS^x^tpS^x^tSr^L-. Ctl?>©nga 

^x^fe^tf p^x^©^aic?&&{bK±oy- 



> 
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■b>&33gl©SS#R££Bi;:l^U SR2© 
ftiM£&JRR fc* l ©«Wtt> 6«t6A-HT^>ii 

n60lR2a>Xlkja*MR«J:^±e««#:R«lIikJI 
t, £ffiC£2©«i*R£JE?J£U z.<Dm2<D&mm* 

©y- hMottBs-tn-enas-iM h*?*— ;p • x 

x^— +>-$-T7.^tcbfcp^^iiiE#i»'r^- 

K>»«*#j«u £*i6©te8:©y— h®ffi*>«ttf 
-y-f K 1 ^*— ^ • X^— *£v*^(cLfcn^i|iMaj<D 

^UTcnecDp+ ffly-x • HK>««*«fcr^n 

©IMIl^CMPt^Ig,!:. ±IBn^d;KD^ 
B±£g3 X * h U-vX M/^->S:MU, d©7 
* hU-vX hR/"?^ — >S-VX^tCUT±83A— KVX 

*R. {Rl8©y-hmffi*<fcay-hgHfcR£lili;fcx>;/ 

lfi*RS»rt-r*ia£. ±GSB4(onik^JRROS 
ft^&&£|g2©il§^#R£±®fCffi^U SStC, 
^R^^SBtC^T^xet, Jb|g]im*finR©±n so 
jJ««Hl-r**T7±B*«R. I2©#l#:l*5j;^2 

ffly-hi«4CMPbt, ±tep^^i;uw«s± 
tc^2 ©y- hmm*w®.T sutst-r^ci^ 

[0 0 2 3] 

[««©£»©»«] ^ic. sB£#R8LT#ii§BJi£ia 

1 0 0 2 4 ] *^W©m 1 ©S£6£©Jgffii©¥«#:l£m-T? 

pftWSMISFET«Il«y-MI*f 40 
U nft^HMISFETBl2©y-Mg?:f 

bTnM r >x;i'©ss±(cig^e.n, ni2©y-hm4i 

MM 2 ©y- h &{fcR£fr U T p IS £ x ;U©^K± tC|g 
tfi&ttT^S. ^li5J:^2©y— h«H©fflBfi, 

■*n-efti6»Ra»&fc«iM k**— a • xt— - y-icj: 

[0 0 2 5] ^l©y-hSIH SB 1 <7>ffiiM&&JK© 50 
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gfc#i/^<3&3Sgi©#«#Rtc, SR2©iliiL&£jgBl 

lt&s. m i ©^«#=R«m i ©y- 

©S®£iSg={CgoT^<2>,, »2©y— K«tttt. fil 
©«Mj££R©Sfc1fc*»S&**^©*«#«tc. 
Rtf*WRLTttS. ^2©«@«:^t)^l©y-h^fc 
R©S®£ifi&K:8oT^£. *m 1 ©S!iS©JBM»©1# 

at». « 2 (omm^<D^m^m^M 1 ©sim^R© 

[0 0 2 6] *i#gi«StffiiSiTS.5il Sr#fi§ 
TSt. *^l©HJfi©^S8©mi©^SS0iJl"J:^^ 
#gB©8fi£tt, J£TF©<hi59f;:&oT^5„ 

[0027] ->u n >mm. 101 ©^®{c«, 
«st»»»=ifi»R*«5«**nT!ft-5 s t i mmo) 

llil 0 2l:<k0^ntnSfiJH 0 3ipi! 
>7x;H 0 4<h^iSlte.nTl^. ni9iiH03t 

uucp^xjh 0 4©«ffifctt, •en-enia^bfct 

m i ©*Sfi{aj-e«, f iroy-hts<tM2©y-M 
ng?r>x;n o 3©*tStti (mi 

©) y— hSffil 0 9StLfcpft^MM I S FE 
T^iStt'Sn, pi-)iJH0 4O»li (12©) 
y-hffi® 1 1 0 aStUcnft^HM I S FET 
y-hm^l 0 9, 110a©_hH 
«^-nx-*tl^ 1 ©iSifii^R (fisjA«^t->U3»^) ^6, 
&-5A— FTX^Rl 0 8fC«J:DittS«Cffifcn. y- h 

mi 109, iio a ©{fflBti^-n-^nm 2 ommm 
^— y-i 1 5{c«fc0itstca^nxts-5. 

[0 0 2 8] y-h»{kRl 0 5S^LTnI')i;H 

0 3 ©*w±k:rw 6 n&y— hi«io9n y- h 
Mil 0 5©SS«ti(:9? OR 1 ©i§5fll!.«rkJS© 

>iio6L S'fty3'>Ri 0 6©^B±{ci2ite.n 
fc (*2©ffiM£&iRR-?&«) «Atfi'>'^f>i 

1 0 7 £©«MRj&*&*WiSftT(r»*. y-h^Rl 

0 s^itpi^ijH 0 4©a®±ic^ttetifcy 

— htt«110at±. y— hftfcRl 0 5©&S£iK8 
K*3 (»l©niHtjA&lH©Sefl:«l^6A:«SI2©«tt 

0 6 at. SMt?*' 

>R1 0 6 a©*s±ti9:vte.nfc («2©jesn^iR 

RT*-5) MK.«^>^f>Il 0 7 t©«[BR^6 

[0029] *n ©sji^-ctt. <» ffltt«jfi-r ■& 

*i) jR 2 ©aSS«i:RTrfe-5^{b^^ >I10 6all«l 

commteim-c$>z>&{k3"?>mi 0 6«sssnfefe© 

TfeO. mt3"i?>mi 0 6 a ©«***r*WSMfc^ 
mi©HJE^JTtt, JB2©y— h««T»*y-h«« 

110a ©jftj£»atm~?&&&jnR#s. m 1 ©y- h 
mm-c&zy- bnmi o'9©«j5K«Ba»»©^>yx 
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[0 0 3 0] pi^i;H0 4fflM;ii y-hms 

1 1 0 alcSBS^MJCnSfy-X • KK>- Xi^ 
>->3>«*l 1 ltPi^7hS^l 1 2£#t£tt 
6tl. y— 1 0 a&tfKIM X'* 
—9-1 1 5(CiB^-&WJCn+ 3?y-X • h*U-f >®« 

I 1 6 75iaStt^nTV^o n^xJH 0 3(D^ffilC 
fit. y-hSS 1 0 9KSES^)ICp3!V-X • 
-f> • X^>->3>m«U 1 3inl#y7 hM*£l 

1 4 ^jWRit&tu y- k«s i o 9 sttnctM' Kr>* '0 
• x^- tn i 5(cges^-Wtcp+ fy-x • h 

H"><gi£l 1 7atf8tt«=>*lTlr>£. £€>fi~, n+ MV 
-X • KK>®«(1 1 6*3«fctfp + SV-X • h*U"f 

>«*i i 7 rotate. ^n-ensBS^wtc: (S3© 

I I 8fiij;0iit>*rcn& (as«©-y-'JiM KaKBtcft 

5TK5) . *»jfi*JR^'J-y--f KIl 1 8 fit. 

coo3i] ¥mfcmw.<D9&mj:m<DWiMmj!:m-z<!bz> 

[0 0 3 2] *t\ ->'J3>1S1 0 1 W^ffi(C^JA« 
S T I flJitrosR^IBtS® 1 0 2 , n^xJH 0 3*5 

«ttfps!»>x;n 0 4«sns. o 

2©^Sfit0«;U;fiiS* 1 0 0 0 nmgffiT&5. JMMSfc 
tC«J;9. ni^iJH0 3$,J:t;pi')iJH0 4ffli 

Btc^-n^ny-h^b^i o 5*«sns. y— h 

SHtBli 1 0 5 OlgJlSfit. 0<J*.fit3. 5nraT*0. iti* 
10nmg«T*5. Swl/VT. SffcttXAW £"J >y 

>mio 6&±mzw-i8.2t\z>o mt^?>m \ 06® 

mmiZ&X 1 0 0 nmm&-C&2> C02 (a) ] . tz 

*>. i ©sy&flmt. mrojfiSBMMWRa** 1 *^;: 

[0 0 3 3]^fC. nS-JiJHOSCiBlSi^ 
thUyXh^->13 6^MSn5. Z.<D7 

hmn^-yi 3 6£-7X^firLT. 100k 
e V^TOX*;^— , 1 x 1 0 14 c m-2«±© K— X 40 

104 <Dmm±<D&t^^ >no6 >m 1 

0 6 alZUZ (0 2 (b) ] . 

[0034] #.iz, m&mM&m^T. ±.$zy* hu-y 

ffi^JB^tUT^JA«^>yX5"»^l 0 7*<XAW 
>y&5^fitCVDfir«fc9£®firJ£jj)c;**l-5„ * > 
yXf>H0 7©RSIt 2 0 0 nmSSTifc 

5. cvDfCcto. fi«Jx.«^k-> l J3>^e.^^si 
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*15. A-KVX^ll 0 8<DWkmit'Pfc< tfelOn 

mggt*^. &*>. *s i (onmm\zts^x. i2<o 

[0 0 3 5] ^1C. A-h"7X9il 08t, *>^X 
ffl|10 6a£#. HS^S*ttx-y^>^lc«i;0/^-x 

>y^tiT. ^•n j eti±EicA-h*TXi/^i o 8*<« 
®3*i>t aft^^^i o 6tc^>yx5=->^i o 7 
«5Sis$nt) y- h«n i o 9 1 i o 

6 at;:*>yx:r>l£il 0 7*««Sftfc) y- b«& 
1 10at«$n5. ^>yXf>il0 7©;^ 
-x>y«SFe tHB r <hro?g£-;tfXl§tcJ;9fT&;b 
n. atf?>110 6, lO6a0/^-->^HA 
r £HB r £(D^;tfX^fir,£9fT&*>*l-5. &*5. * 

fg i eD^ySMTfit, a— hvxi'li o 8 tf&mTtetji 
<. ±I5/N'^— r>y©i7f>yvx^*57* hl/y 

[0 0 3 6] iUt. ^^l/g^MrtH^igETtfJl^ 

(vth) <D^»£»sw-r-5fc«e>fi:. tn^n-f 
*>&aiz£o. p^^ijn o 4CD^®tcfiy-hm 

il 1 0 atCgB^WlCn^V-X • KU'f >««1 

i i. pi#^7M«i i 2**»ji£sn» n^^x;p 

1 0 3CD^SlCt±y-h«ffil 0 9firgB&£WlCpS 
y-X-HK>M«E113, nl^yhgilM 
7WgfifcS*l-5. n^V— X- h-K>Iil 1 1 fit 5 0 
keVOT, 1 X 1 Oi3cm-2JW±(DaU£fcb<«gSCD 
-f *>aA(CJ:0P*i££*l. pI#^7M«112li 
1 5 0 k e VKT, 1 X 1 0l2cm-2jei,±©^D>C0'f 

^->aA»c«fc0Pfi£$n. piv-x • hh >®«i 

1 3111 OOke VJEAT, 1 X 1 Oi3cm-2£ti©*Q 
><D-f :t>£AfirJ;D^J&;**l. nf^7hSSEl 1 
2H150keVWT, 1 x l 0i2cm-2tt±©« 

(fcL<fit«) <D-T^->aAlCJ;»3^fiK$n-5 (0 2 

(c) ] . 

[0037] #.iz. ±m^2(DmmmhL'Xm^i^ 

PCVDfirJ;5gKtv-U:3>Rrt^/&£*V5. «2©ffi 
mmottmOM* 2 0 0 nmlgT*5. C©S2©I 
liR#Xy^A>y^;**lT. y- h«@l 0 9, 110 

aommzmo-*^ w*— ;p-x^— y-i 1 5*^^; 

5**1-5. lOOkeVRT, 1 X 1 0 H C m-2JW±©^ 

—9-1 i 5to:i:y-hfffii 1 oaicesM^Mfc. 
pS>>i;h 0 4©8BM*>aASni>. £■=.(;:. 
lOOkeVKT, lxiOMcm-26l±ffltf|:©fei 

(c» #d>#. -y--f h*^*— x^— y-i l 5&.mz 

y-h^l 0 9tCgSS^WtC, n^^7x;H0 3» 

3?®ic-f:t>aA;**i5. $e.tc, ^jx.«9oot:a 
iy-x- hw>s«ii6, p* sy-x- kh 
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«*£1 1 6i3j;tfp + gJy-X • KU-OWSl 1 7© 
1 1 8dW3ftt> #fg 1 ©*Jfi«fl>tt*IS!M I S F 
[0 0 3 8] 1 W*Jfi««JcC)^S:ltt^-r-5it«e)CDS 

£Wi®EE©^<fc;ft (AVth) ^*-r^7 7Trfe-5S3 

[0 0 3 9] B3lCi5^T. AVth=Vth (dose) 
— Vth (non — dose) , Vth (non— dos 
e) ; &m^*>&Ame>l<2^mmi£, Vn (dos 
e) ; ?$-rt>aA^nfci^fflLtt>ilET?* 
-5. 

[0040] mi<D&M&&mtf ; ?-$'>fr<E>tiiZ>iiZ. 

nft^HMISFET, pff^JUMI 20 
SFETifeC, A Vth<0 <!:&-5. dnii. 

S!MISFET©J*«<&otM. C©jH5t(C:fc^ 

t. fR i omnftm-c&z>mit7-5'>me)mmi l z2 o n 
m, (v D ) <D&*tmi i . 5v. y-ML 

G «-etl^n 0 . 25/im, y-h &{fc§l©IIIJ!p 
(Tox) «3. 5 nmX$>2>. 

[0 0 4 1] rroi^^«|6]«^t^^>tC@# 

&t>©-m&<. yVT.T-y^mc? )v<nm so 

tC ^©fSliSj b T H £ . 

[0 0 4 2] 0 3tD^^e>t)B^e>A^cfc^»C. ^rffitr 
*ft^>ll:fc&£S«l©#«#BI*»Jfcbfc«> n 

-v *;us!m 1 s f e t (©s§ 1 ©y — h msa*^ 2 ©s 
««m t ^ 2 ©iSBUMi^JSis t (Dmsm^ e. sus $ nz> 
Z.iziZfi*)) ©b#^<sm/E©*s^(s*^#<^co« * 
M^©sw«a-ere.n^^^t{c/j:-5. c©fcae>*mi 

^>^{Cff^^T. nftWlMISFET©Ltl/i 

ftffiMH.M I S FETIC^T, nft^MISFET 
© L€?^««JE©85»ffi©-h#*ffiJiffl-r-5 C «h*tpl«gc 

tea. 

[0043] *si (omm^mmzmf 2 ©igm# 
^©««, ssit^ffitt, ±te^i©^ssw©«t'5tcMi 
©WKWJUcSBR-r ^>aALT#e»nsfe©{cfg^a 

n«<b©-m&^. #jy&©7gf£©ft»}© (fg2, 3©) 50 
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m2©#tt#l«teSU&J£fi££*l£.. 
[0 044] ¥3l#gS©§JjigIg©I^BJ^®T&-5 
S4£#BgUT. #Sfll©SI^©^©3§2©*;!fS0i|£ 

[0 0 4 5] ST, JiEJBl©StM«tR«k:. ->'Jn 

>«« i o i <D&mzm7L&s t i m&<Dm=FftMmi& 

10 2, nS>?i;H0 3*J:iy!pS^H0 4A!I 

issns. *wmw;:j:d. n^^i)n o 3*j«ttKpsa 
^i;no4©«si:tn^n (?gi©) y-h&ftw 

1 o sawtfL-znz. 

[0 0 4 6] tt^T. SsSttfX (N 2 ) ©SitfiJfc (=N 

2 / (N2 +Ar) ) WJA(J4 0 %gS© (ffit^Sitfi 
it©) fetT©Sl^ttX/1->^'J>yfC«kD, 

'g.itJ-fymi o 6*«£iBfc:#j*s*i*. ^t^^>m 

1 0 6©§ilp«:if5* 10 0 nmggT$4. #MI 

2 ©susserai, mi©i«st^M*^^>{cfE«$n 
sMSrr 3 c t *> ~*imx'3bz>. 

[0 0 4 7] §IS«V»T. ±IS^l©*SS«»Ji|SI^©SS 

it*#©fc<h«c. m, 2 <D-mw&&.m,m-T: 

>I10 7i, Sg 1 <Z)lKJftlR'?&«A— KVX^BS 1 0 
8 t^BCMStlS. *m2©HSfi«3JTH. JhfESg 
1 ©*6S0iJ<h*B>iLT. A-m^ll 0 8©#ffi(4 

*WS1/^ CH4 (a) ) . 

[0 0 4 8] &\Z. A-K?X^^1 08t, ^>yx 
^>g| 1 0 7 ^<t^^ >I10 6 <ha<. HH^S^tt 

A-m^ii o 8*5ti3nfc^iffly-MMi 
o 9 , <RK©y— h«a no))?, $ i ©y- htt^n 

10 5^U, WfnpSOiJH 0 3, n3!^x 
)H 0 4©^®JilC^$tX-5. i^^T. ±iHmi©ll 

JfiWtra^troBffiftfrofetk:. pI-)i;h o 40m 
®fc(a{gts;©y-hfiffii i oizgsi^wicniv- 

X • >^*£ 111, pS#y t*mm 

fiE^ti. n^^x)n o 3©^ffiicti^i ©y- hms 
i o 9 trge^wtcpsiv-x • pwom&i 1 

3, ni^'yHlil 14*5iE3tl5 C^4 
(b) ) . 

[0 0 4 9] ^(C. ^SfC^2©^^LPCVDfC 
ck9Jfc/&£n5. ^2©*6^©^JP«ig* 2 0 0 nm 

n^-c^s. d©m2©«5i^^x^^A>y^$n 
T. y-htI10 9, 1 1 0©ffll®£®'5-tM' H 1 ?* 

— ;j/-x^— tf-i i 57&«^$ti?. *©a, ±ggmi 
<DmMM£mm<Dmm&¥t<Dbtiz. n+ siv-x • k 

V-i >ffi«l 1 6^D--f • X^— tH 1 53fe 



<11) 



2001-203276 



19 

mzfaWiCDtf— hmm 1 1 o \z&E.m&mzpmo ^ 

1 0 4©^B(C^^*l, p+ 1V-X • KL-f >ta« 

1 1 7#im He*— ;p • x^— y-i i smzfizf&i © 
y-MIi o 9tciSfiE^-6<j(c:n^^3:;n 0 3©g 
ffit;:?gfi££*i-5. 3 etc. (^^fcswia/w h*r> 

'JIM KI1 1 n+ • Hl"f >«ttl 1 

6ii«tt/p+ ly-x • KW>**1 1 7©S®(C-?- 

[0 0 5 0] ^CtC. ifB^iro^SSWiffl^LT, 10 
->'Jn>^igt^e>^^gF B 1iis6^1 1 9**CVDK 

<t K>-£m\zMmznz>. mmmmm 1 1 9©MiP«is^ 

lOOnmgST^. ?f§ 1 ©y- 1 0 9 &&Zf 

msL<Dtf- bmMizmm.2tirz/\- htx^i ioso 
±sB#»m-rs*T. -©jfrassamii 1 9Wtfii 
(cmp) sns. p^r>i;no3w^ 

ffi±^fi57*M/xX h^/t^->l 3 9#«J/££n 
•5. d©?* hU-v>X MH/^ — >1 3 9£vX^tCl, 
T, {ES9!©y— MSffil 1 Otcmg^tlfcA- KVX^ 

iiost, Kin io ttfimx.m& *° 

«Ki***tift. 3 ear. ;r©i&£g^gajL;tB?#© 
si©y-hiftn o 5*5. im.%<w^v v • x-y 
^ytctoi&Scsns C04 (c) ) . 

[0 0 5 1] ^tC. -hfBX* hky^ MBI/^->l 3 
97m3c£ns. ±IEfi«y-h««©»*»K: 
^tBLfcy-HSHklBil 0 5©Rfc3HC$fc£:oT, 7* H 

[0 0 5 2] ifctC. Jf*b<ttLPCVD(CJ;fp. :£H 

\zm 2 <D>f -hMitmi 2 5 b*«»(fc£tt*. y-h& 

{fcl& 12 5b ©J8IJ¥«ig* 1 0 n mggT*5. 30 
T, g*#X (N2 ) ©8StffiJfc^0iJ*-tf 8 0%*lft© 
(i£S^8ftfiifc©) *>£-Z<DKl&'&*rty5>*)>>?\z£. 

t.\sXW%.\3.mit?-5> >mi 2 6 b&±mzMi&2ti 
•a. ^b^^>^i 2 6 b<D&m-%mmtemt^?>m 

1 0 6©gII§^#S«kOilK&-?T(/>-2>. &<t^?>m 
12 6 b©IBI0«:iiJ* 2 0 0 ^ffc^^ 

>^i2 6bco^«, (mt?- ?>mi 0 6 tPJ^ 

>Jg£l 2 7*^SJC}g)5)c$n-5= ^>^Xr>Il 2 7 
©HJlteBiA 2 0 0 nmmmT&2>. #tg 2 ©IU60i]T- 

[0053] ^tc. mm^mm 1 1 9 ©±®. sg 1 ©y 
— 1 0 9^mm.2ntz/\— hvx^h 0 8©_t 

iki 2 6 b&£&y-\-m<tmi 2 5 b^cMP^n^ 
jurhbmri 1 9©±®*5«tncmi©y-h^ 50 
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tio9 izmmznrz/\- kvx^ir 1 0 8 <D±m&m 
mzmo&ftv>¥- ^mtrni 2 5 bi>mih-rz£-z. 
Qit^fywn 2 6 b*5«tz/^>yx^>^i 2 7^e 

it^5>>Wkl 2 6 bC^>^Xf>il 2 7rt*«Jf £n 

/t#tjg©ss2©y-hwgi 1 ob^, m&isti%. w, 
2 ©y— hm® 1 1 0 b ©fij®«m 2 ©y- h^-fkiK 1 

2 5 b^ltif-f K 1 ?*— ;i/ • X"*— 9-1 1 5t:lti 

nr* 0 . m 2 ©y- bmtm 125b ^s«^ 2 ©^ 
a*iT»5Sft?^ >«t 1 2 6 b tc j: oastrs^n 

(04 (d) ] . 
[0 0 5 4] *=m2©SltfS0il©xS*S:ift?g-r-5>fcJ6©® 

t?$>o, ^t?^>R«fig»#©^*^xfiftait(c^-r^ 

L£mimffi©^-ft;fi (avth) £*fy^:7T&£0 

[0 0 5 5] 0 5 (C43l.iT. AVth=Vth (me t a 
1 ) -Vth (p o 1 y-S i ) , Vth (me t a 1 ) ; 

&i<D&m&&m<n&imfr*>tzz>mm&mz&2<Di£!i 

ftLtc (n^*JH!*-5^ttp^-*'*.>H!) MISF 
ET©L#mt«ffi. Vth (poly-Si) ; (n + 

MWLfc (n^r^l^fc-SHtep^-v*;^) MI 
SFET©lt^lil£T*5. 
[0 0 5 6] ^l©iSSI!.^®*^5'>A^^«)t^. 

ig i <Dmn#m-e&z>mt^? >m<DMtfzmiz&mxx 

(Dffi&ltZMK-r&ii. nft^HMISFET, p 
ft^MlSFETifclc. L#mi«m (Vth) 

«^©^i6]{c->7 h-r^>. ens, ±g^i©*«Mt 

^^>©tt»p^(STUfcit«6<h#^en^. c©aij 
M^^^;^*^^$n-5y-hs©+»(c 

St^M I S FETlCfcOa^^rff^ofc. Sifimffi (V 

d) nmtwti. 5v. y-hgLc i&tn^ni. 

Onm, V- hMitmnmm (Tox) «2. 5nmT* 
C©«[6]«^t;5 1 ^>»C@#^:fe©-Ctt^<. 

^ >yx^>-^^k^ >9 )K?>m&iz>bf3ime>mft&m 

[0 0 5 7] 15 0^MlllHll/T, pft^MMI 
S F E T©^ 1 ©y- h*S©«fiE-r-5S{k^^ >^© 
^-&#^*fi<iS^b. nftWSMISFETO 

^ 2 ©y- h«@sr^-r z&itm >m<D^m^mm 
£ii5<is:srr-5>&6fc£. *5gHj«@e<j^ti-e»ti^c«i: 

fC^t-So $^>tC03 t05 <h©Jfc«*>e>fIS^&«fc'5 
tc, ±8B^ 1 ©^SSfiSKcJt^T, *m2©^lifi^©^ 
nffMSMI S FET©L-#V><e«JE©(SJffiA^^ 
{ClTT^tA-5,, 

[0 0 5 8] fc*5, S^^7.©SKaitA«3 0XiC«t^ 
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^>^0D^«. 4>ft< £*>3 0 SSHgWg&tfXSitfi 
JtCD t> <h tcff & r> <DtJW£ b ^. 

[0059] ^©^Bw^sMjgxewK'fffi^iCH-e 
[0060] s-r. -tiB^i, 2<D^mmtmm^. -> 

U a >S1S 10 1 (D&WHz MiUtS T I ffimo^Tftffi 
iH10 2, nffl^3i;H 0 3i5j;tKpSr>x;H 0 4 
75<MJ&£n, SfcKKbtCkD nS^ifl 0 3&&tfpm 

v^fri o 4<Dmmiz*rti^n3&i<Dy-bmit<mi o 

SiSW&LZtlZo &m#XffiMit&'>tt< tfc3 0%@ 

[oo6i] m*x. ±MW,2(D%mmLmm\z, 

i/X^>mi 0 7, /\-K^7.i7l8il 0 8tf±miZMl& 
£*U A— RX?I10 8, ^>^Xf>Il 0 7*3 

£.xfmt?-?>mi o 6^nsi*:s^ttx->^>y{c«j:o 
/t^-->^nt. -5-n-?n±ffl{cA-h'vx^^i 
o 8 *»tisn&s i oy- h«ffi 109, 

y-X - HW>®«111, pM#yyhfMl 12 
#Jgf£;*n. n MV^)V 10 3 (DgEStCtelfl 1 <F>f— h 

wgi 0 9fcees^w»cpsy— x • vi/^ommi 
ffi&mov-'f Wx—jv • x^—- y-i 1 5*5«sn 

[0 0 6 2] 2ZIZ, n+ 3JV-X • Kl"f 1 

6j&*im ;p • x^—- y-i 1 5tw:±iesty 
— hwsfcge^s-wicps'^i-'n o 4<Dmmizmi$, 

2tl. p+ ^V-X • b*U"f>M*s6l 1 7tf«-!M k-?* 

-)v • xi— v- 1 i 5 ftzfizm i »y- bmm 1 o 9 t 

IEi^CnI'7i;H 0 3««ffilC^$n-5. 
(3^>&&l^ten AVU 3 0>i§il!.6£!jga> 

a^T**^)) KSa^JSvUtJ-f KJB1 18*i, n + 
SV-X • K W^f >«C*£ 1 1 6*3«fc(^p+ sv-x • h* 

v^><tm.\ 1 7wsffi«c-eti-e'ngs^«iJc^$ 

[0 0 6 3] ^It, ±f2^2CD3gSS«3J<i:|sHt(C, ®<t;-> 
•ja>^*e#^e.fj:^^^*e«:^l l 9**CVDl;iJ; 

o^scM^ns. mi ®y- hmmi 0 9 

^y-h«Sfr«M$nrcA-H-7Xi7SIl 0 8tf)±® 

Amm-r^^-v. z\<Dm^m».m 1 1 9*«cMPsn 

>*X hB§A^->l 3 97WgJ5E£*l-5„ CCOX^hl^v 
X hI/^->l 3 9£-7Xi7lCLT. ±82(R|gy-h 
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tt«jc*B£nfcA-h*vx*iBi£, ^»<s^y-hs 

gajL£S&#a>y-h&{tljgl 0 5*«. xv 
h • X>y^>^frcfct)|^*$n^ C06 (a) ) . 
[0 0 6 4] X\Z. ±my* hl/yX hlB£A*-> 1 3 
975^*$n^„ ft*5, ±B{EKy-h«a©l»3c«tC 

artuu&y— hftfciii o 5 rosiest*: ^t, x* h 

Uv'X h^A^-> 1 3 9 CD&^SrfT&oTt) J;^. 
[0 0 6 5] ^tC, »$U<ttLPCVDtC«t 0. £® 
10 tcJB2©y— hfcftBtl 2 5 ctfJfcfig^tlS. ^-hlt 
ffcl&l 2 5 c <E>l|||J?teitS* 1 0 nmiST*5. igc^ 

t. ^^^fxcositajt*^jx.«i 0 o%mg.v> (+ft\z 
m^mmit<z>) fcfr©js^i4xA-v^u>^fc«fco. 
jg 1 »i«gt ^^^.m 2 v>mn&miL i> 

Tmx.a&to79>*i 2 6 c^®tc^$n-5 (0 

5#Bf?) . ^*^XfiitStk4 0%iSTM*nfcif 

g^^>^i 0 6»>s B B B ^{i (Erfij) ««la (nut 

Z.<D&{tr?>mi 2 6 c©jgl!,#ft (IS(61) 
tt«E*a {2 0 0} -C*?). mc?-* >I126c ©M 
20 ttCVD-rfT^^^tfcBltgT^-S. CVDfcKKX 
A-^^'J >^lc«kC>» ^MK<tUT«ajAti^>^X^> 
^1 2 7^StC^fiK$n-5. ^>^X^>^1 27© 
^JPtt^-* 2 0 0 nmiSTSS. ^3 0)1158011^ 
fe. ^«^*^-r^^«^>yx^>W«fc3^:i«S6 

[0 0 6 6] ifctC, MllllfiftRl 1 9«±S, ^ 1 CD^ 
-Mil 0 9fcmm^nfcA-KVX^^l 0 8ffl± 
S^ffi-r-SST, ^>yxf>il2 7, ^<h9 1 ^> 
30 §12 6cM^y-hi«12 5c*5CMPStl 
cmtcio. &fc^?>mi 2 6 ctC5'>yX5 i > 
11 2 7*5«JI£n;£#Si£roSf§2<Dy-h«<Il 1 0 c 
*i, ^^tl^>. S2©y- KffifiSl 1 0 c(Ofd®t.m 

2©y— h^k^i 2 sc^tw h*?*— x 
^— y- 1 1 5tcst3tiT*5 0. m2<D'?-hm<tmi 2 

5 c ^S«^ 2 ©^S^RT^-S^ft:^^ >il26c 
\Z&9fet%\zmt)nT^Z> CE6 (b) ] o 
[0 0 6 7] 3 coSd£0iM. ±12^ 2 ©ilJS««JC0# 

40 [0068] *^Bjts±iem i w*SE©^tcE^^n 
i <D&wi&&m<D&ityifrztzz>?%2 ommte 

[0 0 6 9] 4*«*£B<Z>±Stti&Xg®BfiS«£;B-l!' 
fe^.@7<&#B3-r?.«i:. *^2 0^JS<D^SI<D-^)!iS«SJ 
so «£i.T©t43 0(c:^EKSn^„ 
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[0070] $-r. Jitem i (Dmmw&mn ±mm i © 
-&mm tmmiz. ->U3>s«2 o i<D&ffi\zmz.\zs 

T I$iI©lSIT#lS§Mi£2 0 2, nS^i*2 0 3*3J: 

;W2 0 3*s«fctf pSJ^x^ o 4 ©^ste-e-ti^ny- 
t>s?{tW2 o sfiwi&znz. ¥-h&itmv>2 o 5© 

BIJPteiB* 1 OnmISt*5. K*SttXA--;/;5"J>y 

6^®tC^J«$n-5. *Jg^tC*3^Tt>, SHI© 

Xx^fc-S^te^^TfeJ;^., 
[0 0 7 1] tt^T. ±f2Sgl©fgj&S©^ffi©±g2?SI2 

o*js«t ramie. ^2wi«S!^s^T$.s^>yx 

f>!2 0 7, A-h*TXi7^2 0 8?><;£ffi(Cffi5J5Jc£ 
n. A-m^I2 0 8, ^>^Xr>i2 0 7i5«fc 
tfg{fc3 i :5'>Bi2 0 6^«S^S*ttx->^>^fCcfcO^'? 

*-->y£n-i\ -e-n-?n±DS(c/N-h*Tx^^2 0 

8#«g£n7c:fll©y-hmS2 0 9&J:tf 

;£n-5*>©Ttt&<> ^>HI**ir»tt^>^;uBn?'b 

fciBSE^Wfclnffly— X • KK>««2 11, pi 
#yy h««2 1 2*«»J5K$n, n»i;i'2O30i 
SlCttfgl ©y-h^@2 0 9KaB*£«KpfflV — 
X- HW>S«2 13, nI#y7hS«2 14*« 

^ns. listens 2 oieiHR^Adn. c©sg2© 

<Kigy- hmm^m^wo^^ h^^-;u • x^— y- 
2 1 5*»»jaEan«. 

[0 0 7 2] ^CIC. n+ SV-X • KK>««2 1 
6**1M — • X^— y-2 1 5MWc±5BiSiay 
-h«@{CiB^WfCp 31^x^2 0 4 ©UlEKffiJjifc 

p+ g«v-x • h*u-r>®*£2 i 7*s-y-r b*^* 
-;i< • x^— y- 2 i 5 afctfiesg 1 ©y— b w& 2 0 9 \z 

&£MW»:nS'7i^2 0 3©^ffilC^fig^n^„ 

> * * Uttn/W b <=> & 5|g 3 
mit®)T$>Z>) igHlj£&JR->U+M' H12 l 8**. n + 

ay- x • b*u-f >«*£2 1 6ii«fctfp+ ly-x • H 
U-f>««2 1 7ro*ffiie^*-i^neeg£-Wfej£fifc£ 

[0 0 7 3] ^(C. ±1231 1 ©Ili6©i?ffl!©±t2#l 2 © 

S12 1 9*«CVDC,};Diffil;M^n^ Sg 1 ©y* 
- hi!2 0 9 *5<fctf±!2<£!S!y- b*He*gS*lfc 
A-KVX^K2 0 8©±®75tgtB-r-5*T, £©JHffl 

mmm2 1 9^cMP$ti-s„ ^^t. ph^x^o 

3<DM±*I^7tM/yX h^/1^->2 3 9^Jg 
j£$n-£>„ d©7* h I'yX 2 3 9 



24 

t. c©<5^y-Nmst^iii^:s^Mic^*$ti^. 

C©l&£^{ciffflL;fcg6#©y-bgHblgl2 0 
5*^ ft&m<DOx.y b • X^>y£<i: 9 
[EH 7 (a) ] „ 

[0 0 7 4] #fC, ±157* bUv>X bBI/^->2 3 

9*si*sn5 t ts*3, ±t2isisy- h««i©^*^tc 

liftboy- bSKbl&2 0 5©&5&tCft;£oT. 7* b 
YWkn*?—>2 3 9©Rfc*£fT&oTfe<}:Ho 

io [0075] x\z. ±mzM*.\*&<tm<t>'Vzi>m>b 
v<iz&fc-> , )^>&fr*>te2>¥-hmmm2 2 5t>w 
titans. y-\-mmB2 2 5©^t->'j^>aicgi* 

b&BOTttK* 1 0 nmgSt*5. y-h*6^2 2 
5#»t*ft;5' , J:3>fltJ&*&fc*»£. SH4 + N 2 O 
+ NH3 ©il^-tfXICcfcO 7X103 P ag^©11^© 
fetT?©PECVDtCj;D^fi£$n-5. £©i£©y- 
h«6»M2 2 5tp©^-g'*-^ttT> ; EXT^X©SSa 

>^e>^^>«^-. LPC VDfcL.<ttPECVDl;«fc 
20 £©£#*>, y'-b2 2 5# ©glfl^r 

^teT>^=7;tfX©ffi»JttC«fc9ftJP;**l£. 3^ 

t, Mx.ix±.$d,mt3 L ?>m2 0 6©^iiBii;*fr 
-c. (Mii©igit^M©^b%^e.^^fi2©^«# 
iiT&s) mit?-i?>m2 2 6*^fiE$ns. 

[0 0 7 6]iHT, 9 0 Or, 10M8S«l»ffll 
TW&SSnT. ^fb^* >12 2 6 (C«y- bl&^lgi 2 2 

>2 2 6 mt=?5>>Wk2 O 6©gSf^ 

30 [0 0 7 7] CVDfcL<«X/'?^^U>yiCj; 
0, ^S^tbT0"JA.Ii^>yX5 i >K2 2 775^ffilC 
^>^Xf>12 2 7©lg|Jittig* 2 0 0 
nmiggt?**. *-*JS«-t?fc, &fH«£#tfirr£& 

>yx^r >©«t •57iigg6^)sicfg^$n^ t>© 
[0078] ^(c. nni6«R 219 ©±b. mi i ©y 

-htS2 0 9lC®g$nfc/N-H : VX^^2 0 8©± 
®*^fcb-r^*T. ^>yxf>12 2 7, ^t^^> 
tt2 2 6*3«t^y-h*6^tM2 2 5*<CMP 3*13. C 
40 tl1Cj;0. &<t3 L ?>m2 2 6\Z?>ifX7->m2 2 7 

*mmi<titzffim<D&2<Dy-hnm2 1 o^, mmx 

tlS. fS2©y-h«8i2 1 0O«iBt4y-MB»Bl2 

2 s^utu-'f ;u • x^-u-2 i 5teigfc>n 

0 . y- hffiMft 2 2 5 ^ffi«MS 2 ©^S^KTfe 
5Sft?^>IS2 2 6fCj;Oitt«{Cg*)nT^3 C07 
(b) ] . 

[0079] *&2<DmffiiiMmv>*-mmM*>. ±12 

SI 1 ©^©^tlHimw^SWbT^^. 
[0 0 8 0] *^BJ©fl3©*Sg©^aiTtt, p^i-^ 

50 )vmu 1 s f e t©mi 1 ©y- h®1iS:^-r3MI 1 © 
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^ w, 2 <»nm&&mi a. ^,2<om 

[0 0 8 1] ¥«#SlB0>£il§ai£l@W»iS«l5£0-e 

[0 0 8 2] ST. -tf3$g 1 ©30S©»tt©±EiB 1 © >0 
JU6#)t|sH£{C> ->'J3>M3 0 lCDatffilCtflJAfcfS 
T I«jg©*^8IM^3 0 2, n^-?i;i-3 0 3 43<k 

)vz o 3 4sj;^pSf x^3 o 4 ©^snc^-tveny— 
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